Objectives. To examine associations of maternal age at childbirth and parity with survival to age 90 years (longevity).
T hroughout the past 4 decades, average maternal age at first childbirth has risen dramatically in the United States, and fertility rates have declined. 1, 2 First birth rates among US women aged 35 years and older increased 6-fold during this time and continue to rise. 1 The decision to further one's education and career are some of the reasons for delayed childbearing. 3 Whereas the many obstetric complications associated with older maternal age at childbirth are well-known, 3 the relationship of later childbearing to later health outcomes, including survival to old age, has not been extensively studied.
In an early study comparing 78 female centenarians with 54 women from the same birth cohort, centenarians were 4 times more likely to have had children while in their 40s than women who died at age 73 years. 4 A case-control study among 311 women who achieved longevity (i.e., survival to the top 5th percentile of their birth cohorts) and 151 controls who died at younger ages reported that women who had their last child after age 33 years had twice the odds of longevity than women who had their last child before age 30 years. 5 However, these studies were limited by retrospective designs and small sample sizes of women who achieved longevity, and did not examine age at first childbirth, which may be more important from a public health perspective.
There are currently 1.3 million women aged 90 years and older in the United States, and by 2050, it is expected that more than 4 million women will be in this age group. 6 Although lifestyle behaviors have been studied in relation to longevity, 7 reproductive factors, which are unique to women, have received little attention in public health and are of current importance given the growing aging population and evolving trends in fertility and age at first childbirth.
In this prospective study, the large number of women in the Women's Health Initiative (WHI) multiethnic cohort of postmenopausal women who survived to age 90 years provided the opportunity to evaluate associations of maternal age at childbirth and parity with longevity and to determine whether associations varied by race/ethnicity.
METHODS
Details of the WHI study population and design have been described. 8, 9 Briefly, a multiethnic cohort of 161 808 postmenopausal women aged 50 to 79 years was recruited from 40 clinical centers across the United States during 1993 to 1998. Women participated in 1 or more clinical trials (n = 68 133), including 1 of 2 hormone therapy trials, or an observational study (n = 93 676). After the main WHI study ended in 2005, women were invited to continue follow-up through 2010 and then 2015 in 2 extension studies.
The present prospective study was restricted to clinical trial, observational study, and extension study participants born on or before August 29, 1924 , who had potential to survive to age 90 years during follow-up ending August 29, 2014 (n = 24 932). We excluded those whose survival status at the end of follow-up was unknown (n = 4518) and those who had missing information on parity (n = 166), leaving 20 248 women for analysis.
Data Collection and Study Variables
Participants reported demographic characteristics, medical history, reproductive history, and lifestyle behaviors at baseline with self-administered questionnaires. We defined parity as the number of term pregnancies (i.e., lasting 6 or more months including live births and stillbirths) and divided it into 4 categories (0, 1, 2-4, or ‡ 5). 10, 11 We determined age at first and last childbirth from 2 questions assessing age at first and last term pregnancy with the following response choices: younger than 20, 20 to 24, 25 to 29, 30 to 34, 35 to 39, 40 to 44, or greater than or equal to 45 years. For the analysis, we categorized age at first childbirth as younger than 25, 25 to 29, or greater than or equal to 30 years because of smaller sample sizes of women in the 35 years and older categories. We categorized age at last childbirth as younger than 25, 25 to 29, 30 to 34, or greater than or equal to 35 years. Primiparous women were included in both the age at first childbirth and age at last childbirth variables. We defined hormone therapy use according to self-reported use and participation in the hormone therapy trials. Participants also reported past oral contraceptive use.
We defined age at menarche as age at first menstrual period. We defined age at menopause as age at natural or surgical menopause. We defined age at natural menopause as the age at last menstrual bleeding among those without a self-reported history of hysterectomy or bilateral oophorectomy before the age at last menstrual bleeding. We considered women whose age at natural menopause was greater than 60 years to have experienced menopause at age 60 years. For surgical menopause, we defined age at menopause as age at bilateral oophorectomy among those who reported having had this procedure performed before the age at last menstrual bleeding.
Additional baseline covariates included age, race/ethnicity, education, income, marital status, smoking behavior, alcohol consumption, and self-rated health. Participants self-selected race/ethnicity as American Indian/Alaskan Native, Asian/Pacific Islander, Black/African American, Hispanic/ Latina, White, or other. For physical activity, participants reported the duration, frequency, and intensity of walking and other recreational activities; we summarized data as metabolic equivalents per week. 12 Trained clinic staff measured height and weight at baseline. Body mass index was calculated as weight in kilograms divided by height in meters squared and categorized according to standard cutpoints. 13 Participants self-reported information on major chronic diseases including coronary heart disease, cerebrovascular disease, cancer (excluding nonmelanoma skin cancer), diabetes, and hip fracture at baseline and periodic clinic visits and via mailed questionnaires during follow-up, which were conducted biannually for clinical trial participants through 2005, annually for observational study participants, and then annually by mail for all extension study participants. These diseases were selected because they are important causes of morbidity and mortality in older women. Incident diseases except for diabetes were adjudicated by physician medical record review. 14 We defined diabetes as self-reported physician diagnosis that included treatment with oral glucoselowering medication or insulin. 15 We classified women as having survived to age 90 years ("longevity") or died before age 90 years. Although "longevity" may be defined according to more extreme ages, such as 95 or 100 years, 7 there are not enough women in the WHI who reached these advanced ages at this time. Nonetheless, living to age 90 years is past average life expectancy and is considered long-lived for contemporary birth cohorts. 7 Trained physician adjudicators verified deaths by medical records and death certificates. In addition, WHI staff performed periodic linkage to the National Death Index for all participants (including those lost to follow-up) for verification if medical records and death certificates could not be obtained. The latest search at the time of this analysis was updated through December 31, 2011.
Statistical Analysis
Baseline descriptive characteristics according to categories of age at first childbirth, parity, and survival status are presented as frequencies (percentages) for categorical variables and means with SDs for continuous variables. We used the c 2 test to compare categorical variables according to age at first childbirth, parity, and survival status. We compared normally distributed continuous variables by using analysis of variance or the 2-sample t test, and we compared nonnormally distributed variables by using the Kruskal-Wallis test or the Wilcoxon rank-sum test.
We used multivariable logistic regression models to evaluate associations of age at first and last childbirth and parity with longevity. We fit separate models for each reproductive factor, with results presented as odds ratios (ORs) and 95% confidence intervals (CIs). Age-adjusted and fully adjusted models are presented. We adjusted the full models for potential confounders selected from the literature including baseline age, study membership (clinical trial or observational study), race/ethnicity, education, income, marital status, smoking, alcohol, physical activity, body mass index, hormone therapy use, past oral contraceptive use, age at menarche, age at menopause (natural or surgical), self-rated health, and a history of chronic diseases. 5, 10, 11, 16, 17 We also adjusted models for age at childbirth for parity. 5 We assessed interactions between reproductive factors and race/ethnicity and income by using likelihood ratio tests. We also tested interactions between age at first and last childbirth and parity. We performed tests for linear trend for age at first and last childbirth by including these variables as ordinal predictors in the models.
P values were 2-sided and considered nominally statistically significant at values less than .05. Because 23 P values are presented for analyses comparing baseline characteristics by age at first childbirth, parity, and survival status, the critical P value for these analyses was set at .002 (0.05/23) using Bonferroni correction to adjust for type-I error due to multiple comparisons. Kaplan-Meier survival curves for the main exposures are presented in Figures A through E, available as supplements to the online version of this article at http://www.ajph.org. We performed analyses with SAS version 9.3 (SAS Institute Inc, Cary, NC).
RESULTS
Women were aged on average 74.6 (SD = 2.3; range 69-81) years at baseline and were followed for up to 21 years. Overall, 13% of women were nulliparous, 10% were primiparous, 62% had 2 to 4 term pregnancies, and 15% had 5 or more term pregnancies. Among 15 082 women with information on age at childbirth, 47% were younger than 25 years, 37% were aged 25 to 29 years, 12% were aged 30 to 34 years, 3% were aged 35 to 39 years, and 0.6% were aged 40 years or older at first childbirth. At last childbirth, 8% of women were younger than 25 years, 21% were aged 25 to 29 years, 32% were aged 30 to 34 years, 27% were aged 35 to 39 years, and 12% were aged 40 years or older. At baseline, women with later age at first childbirth were more likely to be college graduates, to be married or living as married, and to have higher income, and were less likely to be obese or to have a history of chronic diseases (Table 1) . They were also more likely to be older at menopause and to have had only 1 term pregnancy (Table A, available as a supplement to the online version of this article at http://www.ajph.org). Women with 5 or more term pregnancies were less likely to be college graduates and more likely to be obese, to have lower income, to have never smoked, and to have a history of chronic diseases (Table 1 ). In addition, they were more likely to have never used hormone therapy, to be younger at first childbirth, and to be older at menopause and last childbirth (Table A) .
During follow-up, a total of 10 909 (54%) women survived to age 90 years. Average age at death was 83.7 (SD = 3.8) years, and the most common causes of death were cardiovascular disease, cerebrovascular disease, and cancer. At baseline, women who survived to age 90 years were more likely to be older, to be college graduates, to be married or living as married, and to have higher income, and were less likely to be current smokers, to be obese, or to have a history of chronic diseases (Table 2 ). In addition, they were more likely to be current drinkers, to be in excellent or very good health, and to be older at menopause (Table  B , available as a supplement to the online version of this article at http://www.ajph. org).
In the fully adjusted model, there was a significant linear trend toward higher odds of longevity among women with later age at first childbirth (P for trend = .04), with ORs of 1.11 (95% CI = 1.02, 1.22) and 1.10 (95% CI = 0.98, 1.25) for those aged 25 to 29 years and 30 years or older compared with those younger than 25 years (Table 3) . In a separate model, compared with women who had their first child before age 25 years, the odds of longevity were significantly higher among women aged 25 years or older at first childbirth (OR = 1.11; 95% CI = 1.02, 1.21). Compared with women who had their last child before age 25 years, the odds of longevity were not significantly higher among women who were older at last childbirth (P for trend = .27). Associations of age at first and last childbirth with longevity did not vary by race/ethnicity, income, or parity (data not shown).
Compared with nulliparous women, women with 2 term pregnancies had higher odds of longevity, with an OR of 1.15 (95% CI = 1.00, 1.32) in the fully adjusted model (Table 3) . Findings were not significant in other parity categories and did not vary by race/ethnicity or income (data not shown). In an analysis restricted to parous women, the association of parity with longevity varied by race/ethnicity (P value for interaction = .03) and was statistically significant among White women only ( association between parity and longevity was attenuated and not significantly higher in those with 5 or more term pregnancies.
Among parous Black women, the odds of longevity were 48% (OR = 0.52; 95% CI = 0.34, 0.78) lower among those with at least 5 term pregnancies compared with 1 term pregnancy in the age-adjusted model; in the fully adjusted model, findings were no longer significant. We did not fit separate models for Hispanic and other race/ethnicity women because of smaller sample sizes in these groups.
In a sensitivity analysis, findings were similar when we restricted the analysis to only women who experienced natural menopause. Findings were similar after we excluded women who reported ever having difficulties becoming pregnant or visiting a doctor or clinic because they could not get pregnant (data not shown).
DISCUSSION
In this large, prospective study, later maternal age at first childbirth was associated with increased likelihood of living to age 90 years among older women. Compared with nulliparous women, women with 2 term pregnancies had higher odds of longevity. Among parous White women, having 2 to 4 term pregnancies compared with 1 term pregnancy was associated with higher likelihood of longevity. Findings were independent of demographic characteristics, socioeconomic status (SES), lifestyle behaviors, reproductive factors, and health-related factors.
Although several studies have investigated the association of age at childbirth with mortality, [16] [17] [18] [19] [20] [21] [22] [23] few have determined whether age at childbirth is associated with longevity. 4, 5 In a case-control study among Long
Life Family Study participants, each 1-year increase in age at last childbirth was associated with 5% higher odds of exceptional longevity (defined as survival to or past the fifth percentile of one's birth cohort, or age 97 years or older). 5 However, health-related factors, such as chronic diseases, were not controlled in this study. We did not find an association between age at last childbirth and longevity in the fully adjusted model, which included health-related factors. In addition, we did not evaluate associations with exceptional longevity, such as survival to age 95 years or older, given the smaller number of women who reached very advanced ages. Future prospective studies with large numbers of exceptional survivors are needed to determine the relationship between age at childbirth and survival to extreme old age.
The association of age at childbirth with all-cause mortality has been inconsistent. 18, 19, 21 A prospective study among White women observed that having one's last child after age 40 years was associated with higher risk of mortality. 19 A study among a national sample of Black and White women found that early age at first childbirth was associated with higher mortality risk in Whites, whereas later age at first childbirth was associated with higher mortality risk in Blacks. 18 A prospective study among White women found that risk of mortality was lowest among those with 3 or 4 children who were aged 25 to 29 years at first childbirth. 21 Our findings for age at childbirth did not vary by race/ethnicity or parity.
Several factors may explain the association between later age at first childbirth and longevity. The ability to deliver a term infant at an older age may be associated with later age at menopause. 24, 25 Women with later age Note. CI = confidence interval; OR = odds ratio.
a Multivariable model adjusts for study membership (clinical trial or observational study), demographics (baseline age, race/ethnicity, educational level, income, and marital status), lifestyle behaviors (baseline smoking behavior, alcohol intake, and physical activity), baseline body mass index, reproductive factors (ever used hormone therapy, past oral contraceptive use, age at menopause, age at menarche, and parity), and health-related factors (self-rated health and history of chronic diseases [coronary heart disease, stroke, cancer, diabetes, or hip fracture]). b Multivariable model adjusts for study membership (clinical trial or observational study), demographics (baseline age, race/ethnicity, educational level, income, and marital status), lifestyle behaviors (baseline smoking behavior, alcohol intake, and physical activity), baseline body mass index, reproductive factors (ever used hormone therapy, past oral contraceptive use, age at menopause, and age at menarche), and health-related factors (self-rated health and history of chronic diseases [coronary heart disease, stroke, cancer, diabetes, or hip fracture]).
c P value for interaction with race/ethnicity = .03.
at menopause may be more likely to live longer, which may be explained by their better overall health because of their lifestyle behaviors and different childhood exposures. [24] [25] [26] [27] For example, women with later age at menopause have been found to have better nutrition, less stress, and higher SES in childhood, which may influence their behaviors and overall health in adulthood. 24 Our findings, however, were independent of age at menopause.
The risk of obstetric complications, including gestational diabetes and hypertension, is higher at older maternal ages, and the risk of maternal mortality increases with age across all races and ethnicities. 28, 29 It is possible that surviving a pregnancy at an older age may be an indicator of good overall health and thus higher likelihood of longevity. However, delivering her first child at a later age does not imply that a woman will achieve longevity, as longevity may be influenced by many factors (e.g., lifestyle behaviors). 7 Residual confounding by SES may also explain our findings. Women who are older at first childbirth usually have higher educational attainment and income, 1 both of which are associated with increased longevity. 7 Although our findings were independent of these factors, other indicators of SES (e.g., occupation) that influence age at first childbirth may also explain the association with longevity.
In previous studies, women with 2 to 4 term pregnancies had lower risk of all-cause mortality compared with nulliparous, primiparous, and higher parity women. 10, 11, 18, 30, 31 Concordantly, we observed that, compared with nulliparous women, women with 2 term pregnancies had higher odds of longevity. Furthermore, among parous White women, the odds of longevity were higher among those with 2 to 4 term pregnancies. However, the odds of longevity were attenuated with increasing parity and were not significant among White women with 5 or more term pregnancies, consistent with previous findings showing a nonlinear, J-shaped association between parity and mortality. 10 The higher likelihood of longevity among women with 2 to 4 term pregnancies may be partly explained by better overall health in those who are capable of childbearing compared with nulliparous or primiparous women. 31, 32 Alternatively, the association may be explained by residual confounding attributable to SES, early life factors, or lifestyle factors. For example, a previous study observed that, among women, number of children was linearly associated with adult socioeconomic indicators (e.g., social class, car ownership, and housing tenure) and childhood social class. 33 The absence of a significant association with longevity for White women with 5 or more term pregnancies may reflect lifestyle factors such as obesity that are associated with having large families. 33 The inverse association between high parity and longevity in Black women may be attributable to weight gain with numerous pregnancies. A prospective, 25-year study showed that weight gain following childbearing was highest in overweight, multiparous Black women than in other racial/ethnic groups. 34 In our study, the inverse association was no longer significant in the fully adjusted model, which included body mass index.
Limitations and Strengths
This study has several limitations. Women who enrolled for additional follow-up were more likely to be White, educated, and healthier at baseline. Women included in this study were aged on average 75 years at enrollment and may have had a higher likelihood of achieving longevity as they had already survived to their 70s. Because of this potential selection bias, our findings may not be applicable to the general population of childbearing women. The small number of minority women limited power to evaluate associations of reproductive factors with longevity in these groups separately. Participants may have had different experiences with respect to historical events that may have influenced their life expectancy; however, any confounding attributable to birth cohort effects was minimized because of the narrow age range of the cohort.
Although information was available on a large number of covariates, we did not have information on family history of longevity or whether pregnancies were achieved with assisted reproductive technology. However, findings were similar after we excluded women who reported ever having difficulties becoming pregnant. In addition, assisted reproductive technology was uncommon during the years when these women were giving birth.
Study strengths include the prospective design, long-term follow-up, high retention of study participants over time, and multiethnic cohort with a large number of women who reached age 90 years. Note. CI = confidence interval; OR = odds ratio.
a Multivariable model adjusts for study membership (clinical trial or observational study), demographics (baseline age, race/ethnicity, educational level, income, and marital status), lifestyle behaviors (baseline smoking behavior, alcohol intake, and physical activity), baseline body mass index, reproductive factors (ever used hormone therapy, past oral contraceptive use, age at menopause, and age at menarche), and health-related factors (self-rated health and history of chronic diseases [coronary heart disease, stroke, cancer, diabetes, or hip fracture]).
